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sines is constant. The two foci of a concave, mirror whose surface is an ellipsoid of revolution are not aplanatic points although they are free from aberration.
It was shown above (page 22, equation (9), Chapter II) that when the image of an object of any size is formed by a collinear system, tan u : tan u* = const. Unless u and ur are very small, this condition is incompatible with the sine law, and, since the latter must always be fulfilled in the formation of the image of a surface element, it follows that a point-for-point imaging of objects of any size by widely divergent beams is physically impossible.
Only when u and u' are very small can both conditions be simultaneously fulfilled. In this case, whenever an image P' is formed of P, an image d<rf will be formed at P' of the surface element dfrr-at P. But if it is large, even though the spherical aberration be entirely eliminated for points on the axis, unless the sine condition is fulfilled the images of points which lie to one side of the axis become discs of the same order of magnitude as the distances of the points from the axis. According to Abbe this blurring of the images of points lying off the axis is due to the fact that the different zones of a spherically corrected system produce images of a surface element of different linear magnifications.
The mathematical condition for the constancy of this linear magnification is, according to Abbe, the sine law.* The same conclusion was reached in different ways by Clausius t and v. Helmholtz J. Their proofs, which rest upon considerations of energy and photometry, will be presented in the third division of the book. Here a simple proof due to Hockin§ will be given which depends only on the law that the optical lengths of all rays between two conjugate points must be equal (cf.on for two points P and P' on the axis and which fulfil sine law for these points are called aplanatic systems.    '. points P and P' are called the aplanatic points of the systi The aplanatic points of a sphere mentioned on paee 33 fes through the middle of d2 and is normal to it,figuration of the Rays Independent of the Motion.....473
